Deformation monitoring is the systematic measurement and tracking of the alteration in the shape or dimensions of an object as a result of stresses induced by applied loads. Deformation monitoring is a major component of logging measured values that may be used for further computation, deformation analysis, predictive maintenance and alarming. The main purpose of structural deformation monitoring scheme and analysis is to detect any significant movements of the structure. An effective approach is to model the structure by using well-chosen discrete points located on the surface of the structure which, when situated correctly, accurately depict the characteristics of the structure. The problem of Engineering Geodesy is the formulation of the Mathematical model that will reveal the characteristic of the structure being monitored. In this paper, the mathematical model that reveals the changes in shape of a circular reservoir structure is formulated and applied numerically. A numerical solution was carried out using the Mathematical model formulated.
INTRODUCTION
Technical structures are subject to natural causes and to human interaction that may lead to collapse or structural failure. Deformation monitoring is primarily related to the field of Engineering Geodesy, but may be also related to other Engineering fields like civil, mechanical, construction, and Geosciences like geology, Geophysics etc. The measuring devices used for deformation monitoring depend on the application, the chosen method and the preferred measurement interval. Deformation analysis is concerned with determining if the displacement between two epochs is significant enough to trigger alarm. Deformation data must be subjected to rigorous mathematical and statistical analysis before any significant decision can be taken. A thorough check against specified limits is carried out, and reviewed to see if movements below specified limits imply potential risks. Analysis of deformations of any type of a deformable body includes geometrical analysis and physical interpretation [1] . The ultimate goal of the geometrical analysis is to determine in the whole deformable object the displacement and strain fields in the space and time domains [1] . For numerical validation and implementation of` our Mathematical model for shape object, circular reservoir storage tank was used. It is necessary to model the structure using well-chosen discrete monitoring points located on the surface of the structure at different monitoring points around the circumference of the Reservoir which, when situated correctly, accurately depict the characteristics of the structure. Any movements of the monitoring point locations (and thus deformations of the structure) can be detected by maintaining the same point locations over time and by performing measurements to them at specified time intervals. This enables direct point displacement comparisons to be made [2] . Common approach for this method is to place physical targets on each chosen discrete point to which measurements can be made. However, there are certain situations in which monitoring the deformations of a large structure using direct displacement measurements of targeted points is uneconomical, unsafe, inefficient, or simply impossible. The reasons for this limitation vary, but it may be as simple as placement of permanent target prisms on the structure is too difficult or costly [2]. The area is influenced by two climatic periods, the dry and wet seasons. The dry season is experienced between Novembers and March, while the wet season begins in April and ends in October and is typified by southwest trade winds laden with moisture blowing across the Atlantic Ocean [8] .
Structural Integrity and Reservoir Characteristics
The structural integrity of bulk liquid storage tanks has been a major area of concern for the petrochemical industry for a number of years. Although API 653 remains the oil industry standard relative to tank inspection and maintenance, the frequency of testing and inspection can also be affected by various state and local regulations. The schedule of this inspection process may depend on a number of factors including the age of the tank, its proximity to ground water, the leak record of the tank, the date of the tank's last integrity test, the construction material of the tank, the product stored, soil conditions, previous corrosion rate calculation and a number of other factors. Although most of the API 653 inspection elements can be addressed from the outside of the tank, accessing the tank floor from the outside of the tank is a major barrier in service inspection. Traditional methods of bottom inspection have required emptying the tank's product and thoroughly clearing and degassing prior to the allowance of personnel entry for a floor inspection. There are significant advantages to the tank owner if proper bottom inspection can be completed while the tank is in service. Robotic technology is now available as a method for determining the integrity of the above ground storage tank floors while the tank remains on line and in service. Since API 653 now allows the use of robotics as an alternative method for assessing the condition of a tank floor as long as certain conditions are met, quantitative remaining tank floor life data can now be integrated with the balance of the external inspection element in order to provide a broader assessment of the tank's condition without taking the tank out of service. Storage tanks for crude oil are common on farms and rural areas globally. These above-ground storage tanks are constructed of steel, and over the years, tens and thousands of the tanks have corroded and leaked petroleum products into the soil contaminating groundwater and our environment. The tanks which were designed with floating roof plate of thickness 6.0mm were constructed in the 70s with the following properties [8] Mathematical modeling uses tools such as decision-theory, queuing theory, and linear programming, and requires large amounts of number crunching. Analysis of the Geomatics Engineering component measurements before the project is actually undertaken is key in any deformation studies. The aim is to study the determination of the accuracy of the Geomatics techniques used for measurements and its availability as a monitoring technique for structural deformations, which can be also called "Pre-specified accuracy". We shall assume here that all components of the Geomatics measurements are free of bias caused by systematic errors. This means that variances, or standard deviation, can be used as measures of accuracy. We shall further assume that all measurement components are independent. We shall formulate and implement the Mathematical models for 2D and 1D deformation analysis in the sections presented below.
Mathematical Model for 2D Deformation Analysis
Given a figure in plane, on the edge of which ( , ) ( ) ( , ), , , ( ) The edges of this figure have been monitored for n times. By assuming the shape of the figure depends on exterior parameters aj, j , , m, we have ( ,
Let us call the observation (xi, yi), i = 1, . . ., n. We construct approximate value that are sufficiently close to the observations, and for which holds ( ,
Recalling Taylor expansion, we have:
This is how we obtain the final observation equation as:
the left-hand side of equation (7) constitutes a linear combination of the edge point observation (xi, yi) which is computable if the partial derivatives of the edge function f (x, y; aj) with respect to x and y can be computed. This is the same for the design matrix .
The observation equation for curve in 3D surface, can be we written thus;
If the observation equations are of equal weight and are precise, we have that; The function f is given as;
Partial derivatives of equation (14) gives
These partial derivatives are evaluated at suitable approximate values:
( )
The observation equation can be written thus;
From which the linearized unknowns , , which are the deformation values can be solved if the number of equations exceed three. From the above, we can say that;
where φ is the direction angle.
For a circular reservoir with 20 monitoring points, the directional angles are gotten by dividing 360 by numbers of studs (monitoring points) i.e. 360/20. The first monitoring point directional angle is 18 0 , the second is 36 0 , 3 rd is 54 0 etc.
Mathematical Model for 1-D Analysis
Subsidence is the sinking or settling of the ground surface. This can be as a result of the gradual settlement or sudden sinking of the Earth surface owing to subsurface movement of earth materials. Structures on surface of the earth continue to experience settlement immediately after construction. The problem of Geodesy is how to model rate of settlement. Assuming a two epoch of observation, we have; [5] ( ) , , (
and the corresponding variance matrices of the height are available Q(t1) and Q(t2)
The variance and covariance factor are given thus
By calculating the height difference between the two epochs and their variance, assuming that the measurement made at t1 and t2 are statistically independent of each other; [5] ( ) The circular cross section of the oil storage tank is divided into several monitoring points distributed to cover the perimeter of this cross section called studs. These monitoring points are situated at equal distances on the outer surface of the tank. The (studs) points are fixed, with each stud carrying an identification number and made permanent throughout the life of the tank [2]. The purpose is to maintain the same monitoring point during each epoch of observations [9] . To determine the coordinates of occupied stations around the monitored oil storage tank, traverse network was run from the control points around the vicinity of the tank to connect the bench marks used for the monitoring. 
